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Specification 



1 . Title of the Invention 



COPPER ALLOY 



2. Scope of Patent Claim 

(1) A copper alloy containing eith er one or both chromium and zirconium 
so that the chromium content is 0.01 - 2.0 wt% and the zirconium content is 
0.005- 1.0 wt%. 

(2) The copper alloy in claim 1 , wherein copper - 0.01 % - 2.0 wt% 
chromium alloy, copper - 0.005 - 1 .0 wt% zirconium alloy, or copper - 0.01 - 2.0 
wt% chromium - 0.005 - 1 .0 wt% zirconium alloy contains one or two or more of 
group 1 elements and/or group 2 elements: 
Group 1 elements: ~ x 



rare-earth elements, Ca, Ge w 
Group 2 elements: 

Nb, V, Hf, Mo, W, Y, La, Ta, Ga 

(3) The copper alloy in claim 1 , where the size of the dispersion product is 
50 pm or smaller. 
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(4) The copper alloy in claim 1 , wherein the distribution of dispersion 
product with a size of 0.5 - 50 pm is 100 - 100,000 dispersion products/mm 3 . 

3. Detailed Description of the Invention 
[Industrial Field of the Invention] 

The present invention pertains to copper alloys with both electrical 
conductivity and strength. 

[Prior Art and Problems] 

Precipitation-hardened-type copper alloys are metal materials with high 
electrical conductivity and high strength and are used in a variety of products. 
The strength of this type of alloy rises with an increase in the solution-annealing 
temperature. However, if the solution-annealing temperature exceeds 980°C, the 
crystal particles of the alloy will become coarse and texture will become rough A 
during working, leading to a poor appearance. There is a demand for stronger 
materials with which this problem does not occur. Moreover, although attempts 
have been made to add a variety of substances to these copper alloys, material 
strength and electrical conductivity are opposing properties and therefore, 
stronger metal materials with high electrical conductivity are often difficult to 
obtain. In addition, if the element that is added is active, there is also a problem 
in that satisfactory products often cannot be obtained with good yield. 

[Object of the Invention] 
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Taking into consideration the above-mentioned points, the object of the 
present invention is to present copper alloys having high electrical conductivity 
and even greater strength [that can be produced] with a good yield. 

[Summary of the Invention] 

As a result of performing research on precipitation-hardened-type copper 
alloys, the present inventors made clear the fact that the above-mentioned object 
can be accomplished by^pcejsenting Cr copper, Zr copper, and Cr-Zr copper 
alloys, preferably^Uj- ^01 - 2.1 wt % C^alloysj Cu - 0.005 - 1 .0 wt% Zr alloys, 
or Cu - 0.01 - 2.0 wt% Cr - 0.005 - 1 .0 wt% Zr alloys. 

Furthermore, they showed that the above-mentioned object can be more 
easily accomplished by adding appropriate amounts of various additives to the - 
above-mentioned alloys. 

They further clarified the fact that the above-mentioned object can be 
readily accomplished by distributing precipitation product appropriately in the 
above-mentioned alloys. 

They also clarified the fact that the above-mentioned object can be easily^ 
accomplished by using an appropriate method of producing the above-mentioned 
alloys. 

Each of these is discussed below: 

First, the method of producing the copper alloys of the present invention 
will be described. Figure 1 is a block diagram of this production method. 
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The main process is characterized by the casting process, the solution- 
annealing process and the cold-drawing process. There are other various 
processes used in the present invention. 

First, a lower oxygen content is preferred for the melting process. 
Specifically, 100 ppm or less, further 80 ppm or less, and particularly 60 ppm or 
less, is preferred. This is because the copper alloys of the present invention 
contain Cr and Zr, which have strong affinity for oxygen, and therefore readily 
form nonmetallic inclusion products, such as oxides, etc. These nonmetallic 
inclusion products lead to surface defects (peeling, scratching, blistering, 
cracking) and have detrimental effects on plating properties (for instance, Ag, Ni, 
Sn, solder, etc., plating), capacity for repeated bending, conductivity, and 
strength. Consequently, these problems can be solved by reducing the oxygen >' 
content. 

The following six methods are methods of reducing oxygen: 

(1) It is preferred that when a carbon crucible or a stamped crucible of 
magnesia, etc., is used for melting, carbon is introduced into the molten materials 
or melt. 

(2) It is preferred that the carbon used in (1) is of high purity (purity of 
90% or higher), and it is further preferred that it is super-high-purity carbon (purity 
of 95% or higher). 



(3) It is preferred that the return 1 material is easily introduced so that 
elements with a strong oxygen affinity contained in the return 1 material can be 
actively used in removing the oxygen. 

(4) It is preferred that the parent alloy is introduced after meltdown of the 
molten materials (copper base) and then Zr is introduced in order to prevent a 
mixing of impurities and gases contained in the parent alloy. 

(5) It is preferred that the Zr is added in several batches for removal of the 
oxygen and for addition as a composition element. 

(6) It is preferred that the surface of the melt is covered with an inert gas 
after meltdown of the molten materials (copper base). 

The yield of the added elements can also be improved by reducing the amount of 
oxygen using the above-mentioned means. 

On the other hand, although the hydrogen is increased when the oxygen 
is reduced, it is preferred that this hydrogen also is kept to a low concentration, 
specifically 10 ppm or less, further 5 ppm or less, and particularly 3 ppm or less, 
is preferred. This is because [hydrogen] becomes a source of blistering during 
heat treatment. 

The method whereby electrolytic copper is added to the copper base is 
preferred as a method for reducing the amount of hydrogen. 

As previously described, a copper alloy with good plating performance, 
capacity for repeated bending, electrical conductivity, and strength and with few 
surface defects can be obtained by using the melting method whereby the 



1 Translator's note: Transliteration of phonetic characters. 
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amount of oxygen and the amount of hydrogen are reduced. This is particularly 
effective for the chromium and zirconium copper alloys of the present invention. 

The casting process will be discussed next. The copper alloys of the 
present invention contain Zr and Cr and therefore, inclusion product readily 
penetrates the ingot surface and melt wrinkling and cracking at the ingot surface 
readily occur. Consequently, it is preferred that the casting path (for instance, 
the toyu 2 , tundish, funnel, etc.) and mold is sealed with inert gas. Moreover, the 
capacity for repeated bending is improved by making smaller the dispersion 
product contained in the alloy. In order to do this, it is preferred that the casting 
rate is 5°C/second or faster, further, 10°C/second or faster, and particularly 
15°C/second or faster. Moreover, continuous casting is the preferred casting 
method, and this also has economic effects. It is also preferred that the melt is 
quenched in order to avoid the formation of coarse crystals from the Cr, Zr and 
other additional elements. This method will improve workability and shorten the 
process when casting and solution annealing are simultaneously performed. 

Consequently, by means of this casting method, melt wrinkling and 
cracking and penetration of the ingot by inclusion product can be easily 
prevented and a predetermined composition can be easily obtained. Therefore, 
the desired copper alloy of the present invention is easily obtained. 

Next, the surface grinding process will be described. After casting, the 
surface cracks and melt wrinkles on the ingot surface are removed in order to 
improve the yield of the final product. This process can be omitted if there are no 



2 Translator's note: Transliteration of phonetic characters. 




surface defects, such as melt wrinkling, etc. 

The hot-drawing process will now be described. This process is the 
process whereby the finished product is brought to the desired dimensions. Hot 
drawing and solution annealing can both be accomplished by setting the final 
temperature of hot drawing at 600°C - 850°C, preferably 700°C - 820°C, 
particularly 750 - 800°C, and then quenching. Therefore, the process can be 
simplified. There will be a reduction in the electrical conductivity of the copper 
alloy if the final temperature at this time is too high, and if the temperature is too 
low, there will be a reduction in strength. Consequently, when this process is 
used for solution annealing as well, a high-strength copper alloy of high 
conductivity is obtained by setting the final temperature of this process within the 
above-mentioned range. 

The solution-annealing process will now be described. As a result of 
performing experimental research, the inventors showed that copper alloys with 
good strength, ductility, capacity for repeated bending, and electrical conductivity 
can be obtained by solution annealing at a solution-annealing temperature of 600 
- 850°C, preferably 700 - 820°C, and particularly 750 - 800°C. Moreover, 
solution annealing will have more of an effect on strength with a faster cooling 
rate. Specifically, [the inventors] showed that air cooling, and further, water 
cooling, are preferred. Moreover, since this method does not involve raising the 
temperature, it is more efficient in terms of energy. This solution annealing can 
be included in the casting process or the hot-drawing process and in such a 
case, the entire process is shortened. 



A high-strength copper alloy with high electrical conductivity can be 
obtained by controlling the solution-annealing temperature and cooling rate as 
previously described. 

The cold-drawing process will now be described. By means of the present 
invention, it is possible to obtain a copper alloy that is even stronger and has a 
good capacity for repeated bending by introducing this process. A higher draft is 
preferred. Specifically 70% - 99%, further 80% - 95%, and particularly 85% - 
90%, is preferred. By means of this cold drawing, the copper alloy is hardened 
and the precipitation product is made finer and as a result, strength and the 
capacity for repeated bending are improved. However, if the draft is too high, 
there will be a reduction in ductility, while if it is too low, the product will not be 
strong. 

The aging process will now be described: It is possible to give the copper 
alloy strength, electrical conductivity and toughness by combining this process 
with the previous cold drawing process and aging at a temperature of 300°C - 
500°C, preferably 350°C - 500°C, and particularly 400°C - 450°C. In this case, 
softening will occur if the temperature is too high, while if it is too low, capacity for 
repeated bending will be diminished. 

Consequently, by means of this cold-drawing process and aging process, 
it is possible to obtain a composition that is preferred in terms of strength, 
capacity for repeated bending, ductility, and etching performance by controlling 
the draft and aging temperature. Consequently, by using the above-mentioned 
method for the copper alloys of the present invention, it is possible to present 
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copper alloys that are even stronger and have a high conductivity and [are 
produced with a] good yield. 

Next, the size of the dispersion product and its distribution will be 
explained. The term "size of the dispersion product" used in the present 
invention means the diameter of the smallest circle containing this dispersion 
product when the dispersion product is observed under a microscope. By means 
of the present invention, the size of the dispersion product should be 50 pm or 
smaller. This is because if the dispersion product is too large, bending capacity 
and etching performance will be diminished. Moreover, it is preferred that the 
distribution of the 0.5 - 50 pm precipitation product is 100 precipitation 
products/mm 3 - 100,000 precipitation products/mm 3 . This is because the size of 
the precipitation product, which essentially has an effect on mechanical 
properties, is 0.5 - 50 pm and if there is too much precipitation product of this 
size, there will be a reduction in bending capacity, while if there is too little, there 
will be a reduction in strength and plating performance. Furthermore, good 
bending capacity, etching performance and strength will be obtained if either the 
size or the distribution of the precipitation product is within the above-mentioned 
ranges, but it is further preferred that they are both within the above-mentioned 
ranges. 

Consequently, copper alloys with good plating performance, etching 
performance, electrical conductivity, repeated bending capacity, and strength can 
be presented by using the above-mentioned copper alloy composition. 
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[Copper alloys] are produced by the following method in order to bring the 
size and the distribution of the precipitation product to within the above- 
mentioned ranges. 

First, a Cu alloy containing Cr, Zr, etc., is made, for instance, by 
continuous casting as described below: That is, melting and casting are started 
from a melt temperature of 1,000 - 1,400°C, preferably 1,100 - 1,300°C, and 
particularly 1,150 - 1,250°C and then [the product] is solidified at a cooling rate 
of 5°C/second or faster, preferably 10°C/second or faster, and particularly 
15°C/second or faster. Too slow a cooling rate is undesirable because the 
precipitation product will become large. v 

Once hot rolling and cold rolling have been performed, solution annealing 
is performed. The product is finished to a predetermined size by cold drawing, 
such as cold rolling, etc., at a draft of 70% - 99%, preferably 80% - 95%, and 
particularly 85% - 90%. Aging and hardening are performed by heating for 
several hours at 300 - 550°C, preferably 350°C - 500°C, and particularly 400°C 
-450°C. 

The copper alloys made in this way are Cu alloys in which fine 
precipitation product is uniformly dispersed in the Cu alloy and therefore, they are 
copper alloys with very good bending capacity and hardness. 

Next, the components will be described: By adding and dispersing the Zr 
and Cr, it is possible to improve strength without reducing electrical conductivity, 
but when the amount is too high, there will be a reduction in electrical 
conductivity and workability, while if the amount is too small, strength and heat 
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resistance will be insufficient. Consequently, it is preferred that 2% or less, for 
instance, 0.01 - 2.0 wt%, Cr and 1.0% or less, for instance, 0.005 - 1.0 wt%, Zr 
is added to these alloys. Moreover, Cr and Zr are extremely active metals and 
they have strong affinity with oxygen. Therefore, they readily form oxides upon 
melting. Moreover, plating performance readily deteriorates. Consequently, 
when there is a particular need for [a good] yield of the production method and 
plating performance, it is preferred that the amount of Cr is within a range of 0.01 
- 0.4 wt% and the amount of Zr is within a range of 0.005 - 0.1 wt%. In addition, 
it is possible to present copper alloys that are easily produced while maintaining 
strength and electrical conductivity by reducing the amounts of Zr and Cr and 
adding another inactive element. High-temperature strength increases on the 
order of Cu-Cr alloys, Cu-Zr alloys, and Cu-Cr-Zr alloys, and therefore, these are 
ideal for materials that require high-temperature strength, such as lead pins and' 
lead frames. 

Next, copper alloys to which additional components have been added will 
be discussed. Copper alloys that can readily accomplish the object of the 
present invention can be presented by adding the following group 1 elements 
and/or group 2 elements to Cu-Cr alloys, Cu-Zr alloys, or Cu-Cr-Zr alloys in 
accordance with the desired properties: 

The group 1 elements are Ni, Sn, Fe, Co, Zn, Ti, Be, B, Mg, P, Ag, Si, Mn, 
Cd, Al, rare-earth elements, Ca and Ge. 

The group 2 elements are Nb, V, Hf, Mo, W, Y, La, Ta, and Ga. 



First, the group 1 elements will be described. With respect to these 
elements, the inventors clarified the fact that copper alloys that are capable of 
accomplishing the object of the present invention as a result of the combined 
effects [of the elements] can be presented by adding group 1 elements within the 
following ranges to Cu-Zr alloys, Cu-Cr alloys, and Cu-Cr-Zr alloys with the 
above-mentioned composition. 

It is preferred that the composition range of Ni is 0.005 - 10 wt%, further 
0.05 - 5.0 wt%, and particularly 0.1 - 2.0 wt%. This is because it is possible to 
improve strength by adding Ni, but if too much is added, electrical conductivity 
will be diminished, while if too little is added, it will have no effect. 

The Sn content is preferably 0.005 - 10 wt%, further 0.05 - 5.0 wt%, and 
particularly 0.1 - 2.0 wt%. This is because strength can be improved by adding 
Sn, but if too much is added, electrical conductivity will be reduced, while if too 
little is added, it will have no effect. 

The Fe content is preferably 0.005 - 5.0 wt%, further 0.01 - 1.0 wt%, and 
particularly 0.05 - 0.5 wt%. This is because strength can be improved by adding 
Fe, but if too much is added, electrical conductivity and solder durability will be 
reduced, while if too little is added, it will have no effect. 

The Co content is preferably 0.005 - 5.0 wt%, further 0.01 - 1.0 wt%, and 
particularly 0.05 - 0.5 wt%. This is because strength can be improved by adding 
Co, but if too much is added, there will be a reduction in electrical conductivity, 
while if too little is added, it will have no effect. 



The Zn content is preferably 0.005 - 10 wt%, further 0.01 - 2.0 wt%, and 
particularly 0.05 - 0.5 wt%. This is because strength will be improved by adding 
Zn, but if too much is added, there will be a reduction in solder durability, but if 
too little is added, it will have no effect. 

The Ti content is preferably 0.005 - 5.0 wt%, further 0.05 - 1.0 wt%, and 
particularly 0.05 - 0.5 wt%. This is because it is possible to improve strength 
and prevent the formation of coarse crystal particles, but if too much is added, 
there will be a reduction in electrical conductivity, while if too little is added, it will 
have no effect. 

The Be content is preferably 0.001 - 2.0 wt%, further 0.01 - 1 .0 wt%, and 
particularly 0.05 - 0.5 wt%. This is because strength is improved by adding Be, 
but if too much is added, cost will increase, while if too little is added, it will have 
no effect. 

The B content is preferably 0.001 - 1.0 wt%, further 0.01 - 0.5 wt%, and 
particularly 0.05 - 0.5 wt%. This is because it is possible to improve strength 
and prevent the formation of coarse crystal particles by adding B, but if too much 
is added, there will be a reduction in workability, while if too little is added, it will 
have no effect. 

The Mg content is preferably 0.001 - 2.0 wt%, further 0.01 - 0.5 wt%, 
particularly 0.01 - 0.1 wt%. This is because strength and deoxidizing capacity 
are improved by adding Mg, but if too much is added, there will be a reduction in 
electrical conductivity and workability, while if too little is added, it will have no 
effect. 
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The P content is preferably 0.001 - 1 .0 wt%, further 0.005 - 0.2 wt%, and 
particularly 0.01 - 0.05 wt%. This is because strength and deoxidizing capacity 
can be improved by adding P, but if too much is added, there will be a reduction 
in conductivity and solder durability, while if too little is added, it will have no 
effect. 

The Ag content is preferably 0.001 - 3.0 wt%, further 0.005 - 0.5 wt%, 
and particularly 0.01 - 0.05 wt%. This is because strength is improved by adding 
Ag, but if too much is added, cost will increase, while if too little is added, it will 
have no effect. 

The Si content is preferably 0.001 - 5.0 wt%, further 0.01 - 0.5 wt%, and 
particularly 0.02 - 0.1 wt%. This is because it is possible to improve strength, 
improve deoxidizing capacity, and prevent the formation of coarse crystal 
particles by adding Si, but when too much is added, there will be a reduction in 
electrical conductivity, while if too little is added, it will have no effect. 

The Mn content is preferably 0.001 - 10 wt%, further 0.01 - 1.0 wt%, and 
particularly 0.02 - 0.1 wt%. This is because strength and deoxidizing capacity 
are improved by adding Mn, but if too much is added, there will be a reduction in 
electrical conductivity, while if too little is added, it will have no effect. 

The Cd content is preferably 0.001 - 5.0 wt%, further 0.01 - 0.2 wt%, and 
particularly 0.02 - 0.1 wt%. This is because strength is improved by adding Cd, 
but if too much is added, there will be an increase in cost and a reduction in 
workability, while if too little is added, it will have no effect. 




The Al content is preferably 0.001 - 10 wt%, further 0.005 - 1.0 wt%, and 
particularly 0.05 - 0.5 wt%. This is because strength and deoxidizing capacity 
are improved by adding Al, but if too much is added, there will be a reduction in 
conductivity and workability, while if too much is added, it will have no effect. 

The content of rare-earth elements is preferably 0.001 - 2.0 wt% further, 
0.05 - 0.5 wt%. This is because strength and deoxidizing capacity are improved 
by adding rare-earth elements, but if too much is added, there will be an increase 
in cost and a reduction in workability, while if too little is added, they will have no 
effect. 

The Ca content is preferably 0.001 - 1.0 wt%, and further 0.01 - 0.1 wt%. 
This is because deoxidizing capacity and grindability are improved by adding Ca, 
but if too much is added, there will be a reduction in workability, while if too little 
is added, it will have no effect. 

The Ge content is preferably 0.001 - 5.0 wt%, and further 0.01 - 0.1 wt%. 
This is because strength is improved and preventing the formation of coarse 
crystal particles is facilitated by adding Ge, but if too much is added, there will be 
a reduction in electrical conductivity, while if too little is added, it will have no 
effect. 

Next, group 2 elements will be described. These elements are also 
preferred as additional elements of high-strength copper alloys with high 
electrical conductivity. These elements are effective, whether used alone or 
together with the group 1 elements. 
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This is because strength is improved and preventing the formation of 
coarse crystal particles is facilitated by adding Nb, but if too much is added, there 
will be a reduction in electrical conductivity and workability, while if too little is 
added, it will have no effect. Consequently, the Nb content is preferably 0.005 - 
5.0 wt%, further 0.01 - 0.5 wt%, and particularly 0.1 - 0.5 wt%. 

Strength is improved and it is possible to prevent the formation of coarse 
crystal particles by adding V, but if too much is added, there will be a reduction in 
electrical conductivity and workability, while adding too little will have no effect. 
Consequently, the amount of V is preferably 0.005 - 5.0 wt%, further 0.01 - 0.5 
wt%, and particularly 0.1 - 0.5 wt%. 

It is possible to improve strength and prevent the formation of coarse 
crystal particles by adding Hf, but if too much is added, there will be a reduction 
in electrical conductivity and workability, while if too little is added, it will have no 
effect. Consequently, the Hf content is preferably 0.005 - 5.0 wt%, further 0.01 - 
0.5 wt%, and particularly 0.05 - 0.5 wt%. 

It is possible to improve strength and prevent the formation of coarse 
crystal particles by adding Mo, but if too much is added, there will be an increase 
in cost and a reduction in workability, while if too little is added, it will have no 
effect. Consequently, the preferred Mo content is 0.001 - 2.0 wt%, and further 
0.05-0.5 wt%. 

It is possible to improve strength and prevent the formation of coarse 
crystal particles by adding W, but if too much is added, there will be an increase 
in cost and a reduction in workability, while if too little is added, it will have no 



effect. Consequently, the preferred W content is 0.001 - 2.0 wt%, and further 
.0.05- 0.5 wt%. 

Strength and deoxidizing capacity are improved by adding Y, but if too 
much is added, there will be an increase in cost and a reduction in workability, 
while if too little is added, it will have no effect. Consequently, the preferred Y 
content is 0.001 - 2.0 wt%, and further 0.05 - 0.5 wt%. 

Strength and deoxidizing capacity are improved by adding La, but if too 
much is added, there will be an increase in cost and a reduction in workability, 
while if too little is added, it will have no effect. Consequently, the preferred La 
content is 0.001 - 2.0 wt%, further 0.01 - 0.5 wt%, and particularly 0.01 - 0.1 
wt%. 

It is possible to improve strength and prevent the formation of coarse 
crystal particles by adding Ta, but if too much is added, there will be a reduction 
in conductivity and an increase in price, while if too little is added, it will have no 
effect. Consequently, the preferred Ta content is 0.001 - 2.0 wt%, and further 
0.05- 0.5 wt%. 

It is possible to improve strength and prevent the formation of coarse 
crystal particles by adding Ga, but if too much is added, there will be a reduction 
in electrical conductivity, while if too little is added, it will have no effect. 
Consequently, the preferred Ga content is 0.001 - 5.0 wt%, and further 0.01 - 
0.1 wt%. 

It is possible to improve strength and prevent the formation of coarse 
crystal particles by adding Sb, but if too much is added, there will be a reduction 




in electrical conductivity and workability, while if too little is added, it will have no 
effect. Consequently, the preferred Sb content is 0.001 - 5.0 wt%, and further 
0.01-0.1 wt%. 

The group 1 elements and the group 2 elements were described above, 
but these elements should be selected as needed based on the properties 
required of the copper alloy. Examples of these properties are plating 
performance, electrical conductivity, bending capacity, heat resistance, 
mechanical strength, etc. For instance, when plating performance and strength 
are important, Mg, Mn, Y, La, etc., should be selected as the additional elements, 
while if bending capacity and strength are important, Nb t V, Hf, Al, Ge, Ga, Sb, 
etc., should be selected as the additional elements. 

Moreover/products that require these properties include lead frames, lead 
pins, high-strength electrical wires, molds for casting, molds for continuous 
casting, rolls for amorphous alloy production, electrodes for resistance welding, . 
heat-exchanger parts (fins, pipes, diaphragms, etc.), cell containers, 
ornamentation, bimetals, members for glass molding, vacuum containers, 
welding torches, lead wires, etc. 

Typical examples of preferred components, production methods, textures 
and uses described above are listed in Table 1. 

Furthermore, Cu-Cr-Zr alloys of 0.3 - 0.7 wt% Cr and less than 0.1 wt% Zr 
and Cu-Cr-Zr alloys of less than 0.3 wt% Cr and 0.1 - 0.5 wt% Zr similarly 
provided the preferred properties and texture. 
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[Examples of the present invention] 

Samples 1 through 17 shown in Table 2 were made, the properties were 
investigated, and these results are shown in Table 2. Moreover, samples 18 
through 28 [Comparative Examples] were made and their results are listed in 
Table 2 with the Examples. 

As is clear from this table, Cu alloys that use the components, texture and 
production method of the present invention are effective. The same results can 
also be obtained with compositions other than those shown in 1 through 17. 
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[Results of the Invention] 

The present invention presents copper alloys with high electrical 
conductivity and even higher strength and good yield by using copper 0.01-2.0 
wt% chromium alloy, copper - 0.005 - 1 .0 wt% zirconium alloy or copper - 0.01 
- 2.0 wt% chromium - 0.005 - 1.0 wt% zirconium alloy. 

4. Brief Description of the Figures 

Figure 1 is a block diagram of production of the copper alloys of the 
present invention. 
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A ft «1 * ft H) jfc *>* *J fig <fc 4 * ^ , A # £ T S* * 
i ** & & a' £a X t$ * {& T L v - 2? il> 4 -r £ 4 
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